Results: Of 1200 CARE-MS patients, 43 (4%) were of African descent (35 IAT; 8 DAT) and received alemtuzumab in the 2-year core and/or 6-year extension; 29 (67%) remained on study at the time of analysis (24 IAT patients completed year 8 post alemtuzumab; 5 DAT patients completed year 6 post alemtuzumab). In year 2, annualized relapse rate (ARR; 0.09 versus 0.42), percentage of patients with improved Expanded Disability Status Scale (EDSS; 18% versus 11%), 6-month confirmed disability improvement (CDI; 28% versus 13%), no evidence of disease activity (55% versus 13%), and cumulative brain volume loss (BVL; -0.55% versus -1.32%) favored alemtuzumab versus SC IFNB-1a. Alemtuzumab remained efficacious at year 6 (pooled IAT/DAT) and at year 8 (IAT only) post alemtuzumab (ARR: 0.15 and 0.30; improved EDSS: 17% and 25%; CDI: 47% and 55%; BVL: -1.14% and -0.70%, respectively). No safety signals were unique to this population. Conclusions: Alemtuzumab was efficacious in a small cohort of relapsing-remitting MS patients of African descent over 8 years. Safety was consistent with the overall CARE-MS population, although the small sample size may have prevented the detection of known low-frequency adverse events.
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Key summary points
Why carry out this study?
Even though patients of African descent with multiple sclerosis (MS) have an increased risk for disease progression compared with their white counterparts, they remain an understudied population.
Evidence suggests that patients of African descent may be less responsive to some disease-modifying therapies.
To help address this gap in the literature and inform therapeutic decisions, we evaluated the efficacy and safety of alemtuzumab in MS patients of African descent over 8 years in the pooled CARE-MS trials and their extension studies.
What was learned from the study?
Alemtuzumab efficacy in a small cohort of MS patients of African descent was comparable with the overall (largely white) study population over 8 years, and included improvements in their clinical and radiologic outcomes.
INTRODUCTION
African ancestry is a predictive factor for disease progression in multiple sclerosis (MS) [1] . Patients of African descent may display rapid disability progression and a higher magnetic resonance imaging (MRI) disease burden compared with white patients [2] [3] [4] [5] [6] . Furthermore, while evidence suggests that patients of African descent are less responsive to some diseasemodifying therapies (DMTs) [7, 8] , this remains an understudied population. Alemtuzumab (LEMTRADA Ò ; Sanofi, Cambridge, MA) is a humanized monoclonal antibody effective for treatment of relapsing-remitting MS (RRMS). In two phase 3 clinical trials (CARE-MS I [NCT00530348] and II [NCT00548405]), alemtuzumab improved clinical and radiologic outcomes compared with subcutaneous interferon beta-1a (SC IFNB-1a; Rebif Ò ; EMD Serono Inc., Rockland, MA) in RRMS patients who were either treatment naive (CARE-MS I) or had an inadequate response to prior therapy (CARE-MS II) [9, 10] . Clinical and MRI improvements were maintained over a total of 8 years in two consecutive open-label extension studies (CAMMS03409 [NCT00930553] [11] [12] [13] and TOPAZ [NCT02255656] [14, 15] ). Alemtuzumab is dosed as two annual courses, with additional courses as needed in the European Union (up to two) and the United States (no restriction) [16, 17] .
Studies investigating DMTs in MS patients of African descent are limited, in part because these patients are underrepresented in clinical trial populations [18, 19] . The objective of this analysis is to examine the efficacy and safety of alemtuzumab in RRMS patients of African descent over 8 years in the pooled CARE-MS I and II clinical trials and their extension studies.
METHODS
Study Design, Patients, and Procedures
The CARE-MS I and II studies were randomized, rater-blinded, active controlled, head-to-head trials published previously [9, 10] . Patients with active RRMS were randomized to either intravenous (IV) alemtuzumab 12 mg/day on 5 consecutive days at baseline and on 3 consecutive days 12 months later or to SC IFNB-1a 44 lg 3 9/week. In the extension study [11] [12] [13] , patients randomized to alemtuzumab (initial alemtuzumab treatment; IAT) in the core studies could receive additional courses of alemtuzumab (12 mg/day on 3 consecutive days C 12 months after the previous course) as needed for disease activity (C 1 protocol-defined relapse or C 2 new/enlarging T2 hyperintense and/or gadolinium [Gd]-enhancing brain or spinal cord lesions on MRI) at the investigator's discretion. Treatment with other approved DMTs was also permitted. Patients who received SC IFNB-1a in the core studies discontinued that therapy at the start of the extension study and were invited to initiate alemtuzumab (delayed alemtuzumab treatment; DAT) according to the same 5-day/3-day dosing schedule, with additional courses or other DMT as needed. Follow-up is ongoing in the TOPAZ study, wherein patients completing the extension study could receive additional alemtuzumab C 12 months after the previous course at the investigator's discretion (no defined disease criteria) or receive another DMT at any time [14, 15] .
Patients self-identified their race from a predefined list of races including ''American Indian or Alaska Native,'' ''Asian,'' ''Black,'' ''Native Hawaiian or Other Pacific Islander,'' ''White,'' or ''Other.''
Assessments
Details regarding efficacy end points have been described previously [9] [10] [11] [12] . Confirmed relapses met the protocol-defined criteria of increase in the Expanded Disability Status Scale (EDSS) score and duration of C 48 h in the absence of fever. EDSS evaluations were done quarterly. Improved, worsened, or stable EDSS scores were defined as C 1.0-point decrease, C 1.0-point increase, or B 0.5-point change in either direction, respectively, since alemtuzumab initiation. Confirmed disability worsening (CDW) was defined as C 1.0-point EDSS score increase (C 1.5 if baseline EDSS score = 0) confirmed over 6 months. Confirmed disability improvement (CDI) was defined as a 1.0-point decrease from baseline confirmed over 6 months and was assessed only in patients with baseline EDSS scores C 2.0. No evidence of disease activity (NEDA) was defined as absence of both clinical disease activity (relapse and 6-month CDW) and MRI disease activity (new Gd-enhancing T1 lesions on current MRI or new/enlarging T2 hyperintense lesions since last MRI). Assessment of brain volume loss (BVL) was based on median percent change in brain parenchymal fraction (BPF) from baseline. Patients had MRI scans annually, scored by blinded imaging specialists at NeuroRx Research (Montréal, Canada; for lesion-based analyses) and the Cleveland Clinic MS MRI Analysis Center (Cleveland, OH, USA; for BPF analyses).
Patients were evaluated for safety throughout the studies and were monitored for autoimmune adverse events (AEs) by monthly questionnaires, complete blood count (CBC), serum creatinine, urinalysis, and quarterly thyroid function testing for 48 months after the last course of alemtuzumab. Safety is reported by year post-alemtuzumab initiation; AEs, serious AEs, and medical events of interest (MEOIs) were recorded. Serious AEs were defined as any AE resulting in death, life-threatening experience, prolonged hospitalization, significant disability, congenital anomaly, or any AE considered serious by the medical investigator. Infusion-associated reactions (IARs) were defined as any AE with onset during or B 24 h after the end of infusion. MEOIs included autoimmune cytopenias, CBC values below threshold levels, anti-glomerular basement membrane disease, pregnancy, thyroid disorders, and cervical dysplasia.
Statistical Analysis
Analyses were based on all available pooled CARE-MS I and CARE-MS II data without imputation through the end of year 8. Efficacy end points from the 2-year core studies are reported separately by treatment arm for patients of African descent who were treated with either alemtuzumab or SC IFNB-1a. To maximize available longer-term data, efficacy and safety data from both treatment arms were pooled by year post-alemtuzumab initiation. Pooling was in effect through year 6 post alemtuzumab; only IAT patients had follow-up data for years 7 and 8 post alemtuzumab. Efficacy outcomes are also presented without pooled treatment arms (Supplementary Figs. 1, 2, and 3).
Annualized relapse rate (ARR) was determined using negative binomial regression with robust variance estimation. Percentages of patients free of 6-month CDW or achieving 6-month CDI were determined using Kaplan-Meier (KM) estimates. KM estimates of alemtuzumab-treated patients achieving CDI in the core study were based on patients who enrolled in the extension study, and KM estimates of SC IFNB-1a-treated patients achieving CDI in the core study were based on patients who enrolled in the core study. Freedom from MRI lesions was summarized descriptively with percentages, and confidence intervals (CIs) were obtained using the normal approximation to the binomial distribution. At visits where the sample size was small, exact CIs were computed. Safety data are reported as incidences (percentage of patients with C 1 event). Exposure-adjusted incidence rates were reported per 100 patientyears (100 9 [number of patients with the specific event divided by total follow-up time in years among patients at risk of initial occurrence of the event during the specified time interval]).
Compliance with Ethics Guidelines
The CARE-MS I and II studies, CARE-MS extension, and the TOPAZ study were registered with ClinicalTrials.gov (NCT00530348, NCT00548405, NCT00930553, and NCT02255656, respectively). The studies were conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. The study protocol, informed consent forms, and other study-related documents were reviewed and approved by the local independent ethics committees and institutional review boards. Written informed consent was obtained from all patients.
RESULTS
Patient Disposition, Baseline Characteristics, and Additional Treatment
Of the 1200 patients in the alemtuzumab (N = 811) and SC IFNB-1a (N = 389) treatment arms from the core CARE-MS studies, 46 were of African descent and had core study treatment with either alemtuzumab (n = 35 [CARE-MS I: n = 11; CARE-MS II: n = 24]) or SC IFNB-1a (n = 11 [CARE-MS I: n = 3; CARE-MS II: n = 8]); the total number of patients exposed to alemtuzumab in either the core and/or the extension was 43. Of the 40 (87%) patients who entered the extension, 27 IAT patients and 5 DAT patients completed year 6 post alemtuzumab; 24 IAT patients completed year 8 post alemtuzumab ( Fig. 1 ). Over 8 years, 11 IAT patients discontinued for various reasons, including withdrawal of consent (n = 2), lost to follow-up (n = 2), other reasons (n = 2), not entering the CARE-MS extension (n = 2), and not entering TOPAZ (n = 3). Through the end of the DAT assessment period, six patients discontinued because of withdrawal of consent (n = 3), physician decision (n = 1), pregnancy (n = 1), and not entering the CARE-MS extension (n = 1).
Baseline characteristics in alemtuzumabtreated patients of African descent were similar to those of the overall study population, except the African descent population had a higher proportion of female patients and higher mean T2 hyperintense lesion volumes (Table 1) .
Of the 40 patients who entered the extension, 14 (35%) (IAT: n = 11; DAT: n = 3) received no additional alemtuzumab courses and no other DMT in the extension and TOPAZ. Eighteen patients (45%) received no additional courses of alemtuzumab, and 12 (30%), 7 (18%), and 3 (8%) patients received 1, 2, and 3 additional courses, respectively. Reasons for additional courses were relapse activity (57.1%), MRI activity (22.9%), both relapse and MRI activity (14.3%), both relapse and EDSS progression (2.9%), and no reason provided (2.9%).
Efficacy Outcomes
Core Study with SC IFNB-1a Comparator In patients of African descent, ARR in year 2 was significantly reduced with alemtuzumab compared with SC IFNB-1a treatment (0.09 versus 0.42, p = 0.037), and 91% of alemtuzumab- Fig. 1 Schematic of IAT and DAT patient participation from the pooled CARE-MS I and II studies through the extension study and TOPAZ. SC IFNB-1a subcutaneous interferon beta-1a. a A total of 43 patients of African descent received alemtuzumab in either the core study and/or the extensions treated patients were relapse free ( Fig. 2a ). EDSS scores were stable or improved from baseline to year 2 in 74% of patients treated with alemtuzumab compared with 78% with SC IFNB-1a; improvement was seen in 18% of alemtuzumab-treated patients versus 11% of SC IFNB-1a-treated patients (Fig. 2b) . Over 2 years, 78% (95% CI 60-89%) of alemtuzumab-treated patients and 80% (95% CI 41-95%) of SC IFNB-1a-treated patients remained free of 6-month CDW All values are mean (SD) unless indicated otherwise BPF brain parenchymal fraction, DMT disease-modifying therapy, EDSS Expanded Disability Status Scale, Gd gadolinium, SC IFNB-1a subcutaneous interferon beta-1a
( Fig. 2c ), and 28% (95% CI 13-54%) versus 13% (95% CI 2-61%), respectively, achieved 6-month CDI (Fig. 2d) . In year 2, 55% of alemtuzumab-treated patients achieved NEDA compared with 13% of SC IFNB-1a-treated patients (Fig. 3a) . More alemtuzumab-treated patients than SC IFNB-1a-treated patients of African descent were free of new Gd-enhancing T1 lesions (89% versus 75%; Fig. 3b ), new/enlarging T2 hyperintense lesions (61% versus 13%; Fig. 3c ), and new T1 hypointense lesions (88% versus 75%; Fig. 3d ) in year 2. Alemtuzumab slowed BVL by 58% versus SC IFNB-1a over 2 years; median percent BVL in alemtuzumab-treated patients from core study baseline through year 2 was -0.55% (Fig. 4) .
Six-year Outcomes (Pooled Initial and Delayed Alemtuzumab-treated Patients) Relapse rates remained low (range 0.10-0.23 per year), and 83-91% of patients per year were relapse free through year 6 post alemtuzumab ( Fig. 2a ). Cumulative ARR from years 0-6 was 0.17. Median EDSS score change from baseline to year 6 was ? 0.25; scores were stable in 47% of patients and improved in 17% of patients at year 6 with respect to core study baseline (Fig. 2b ). Over 6 years post alemtuzumab, 72% (95% CI 54-83%) of patients were free of 6-month CDW (Fig. 2c) , and 47% (95% CI 29-70%) of patients achieved 6-month CDI (Fig. 2d ). The majority (55%) of patients of African descent achieved annual NEDA in year 6, with 83% and 61% free of clinical disease activity and MRI disease activity, respectively (Fig. 3a) . In year 6, high proportions of patients were free of new Gd-enhancing T1 lesions (77%; Fig. 3b ), new/enlarging T2 hyperintense lesions (61%; Fig. 3c ), and new T1 hypointense lesions (81%; Fig. 3d ). Median percent BVL from baseline to year 6 was -1.14% (Fig. 4) , and annual BVL was not more than -0.28% per year in years 3-6.
Outcomes at Year 8 (Initial Alemtuzumab-Treated Patients)
IAT patients of African descent showed a low ARR (0.30) at year 8 with 79% free of relapse ( Supplementary Fig. 1a ). Cumulative ARR from years 0-8 in the IAT arm was 0.20. EDSS scores were improved (25%) or stable (35%) at year 8 compared with baseline, 55% (95% CI 34-71%) of patients were free of 6-month CDW over 8 years, and 57% (95% CI 36-80%) achieved Fig. 1b-d) . In year 8, 40% of patients achieved NEDA, with 75% and 53% free of clinical disease activity and MRI disease activity, respectively ( Supplementary Fig. 2 ). All patients of African descent were free of new Gdenhancing T1 lesions in year 8, 53% were free of new/enlarging T2 hyperintense lesions, and 80% were free of new T1 hypointense lesions. Median percent BVL from baseline to year 8 was -0.70% ( Supplementary Fig. 3 ), and annual BVL was ? 0.26% in each of years 7 and 8.
Safety
The low number of patients of African descent treated with SC IFNB-1a may confound incidence comparisons between the two treatment arms during the core study. However, the incidences of overall serious AEs over 2 years were similar between groups (alemtuzumab, 22.9% versus SC IFNB-1a, 25.0%), and incidences of infections were not higher in alemtuzumabversus SC IFNB-1a-treated patients (alemtuzumab: 77.1% versus SC IFNB-1a: 87.5%). No serious infections occurred in the SC IFNB-1a group compared with serious infections in two patients in the alemtuzumab group. In pooled IAT and DAT patients, the incidence of infections was highest in year 1 (74%) and lowest in year 8 (32%; Table 2 ). In all, five patients (11.6%) had serious infections over [20] .
IARs were frequent (course 1: 88%; course 2: 73%; course 3: 82%; course 4: 60%; course 5: 33%). One serious IAR occurred as a grade 3 allergic reaction during course 3. The patient was treated with IV corticosteroids and recovered 13 days after diagnosis.
The incidence of thyroid AEs peaked in year 3 (12.5%) but subsequently declined (Table 2) ; the same trend was seen in the overall population [14, 15] First occurrence of AE for a patient alemtuzumab and 15 months and 11 months after the last dose of alemtuzumab [21] . Both patients required second-line therapy with rituximab after first-line therapy with IV immunoglobulin and corticosteroids. After rituximab treatment, both patients were in remission from ITP for [ 11 months at the time of last follow-up. There was one case of nephropathy in the African descent subgroup, which occurred in year 2 as grade 3 membranous glomerulonephritis [22] and was treated with angiotensin-converting enzyme inhibitors and diuretics. The patient was in spontaneous remission 45 months after diagnosis, until last follow-up almost 2 years later, with glomerular filtration rate within normal limits.
There was a single case of malignancy that occurred in year 1 post alemtuzumab as breast cancer. The patient underwent mastectomy and breast reconstruction and was in remission at 13 months after diagnosis with no evidence of malignancy.
DISCUSSION
Patients of African descent have increased risk of developing MS compared with their white counterparts, along with greater morbidity [23] [24] [25] . MS disease in many of these patients is more aggressive [25] , characterized by more rapid disability progression [1, 5, 6] , a higher incidence of cerebellar dysfunction [26] , and a greater risk for severe disability and ambulatory disability [3, 26] . Opticospinal MS, accelerated thinning of the retinal nerve fiber layer, and a greater loss of visual acuity are more frequent in patients of African descent [2, 27] . Increased MRI-detected tissue damage is evident in these patients compared with white patients, including higher T2 hyperintense and T1 hypointense lesion volumes. Additionally, brain atrophy rates in patients of African descent have been reported to be nearly double those of white patients (gray matter: -0.9% versus -0.5% per year, p = 0.02; white matter: -0.7% versus -0.3% per year, p = 0.04; whole brain: -0.5% versus -0.3%, p = 0.08) [6, [28] [29] [30] [31] . Consistent with trends in MRI-measured damage, greater cognitive impairment has been documented in patients of African descent compared with white patients [25, 28, 32] . These disease features in patients of African descent are also evident on patient-reported disability measures [33] .
In CARE-MS patients of African descent, increased disease burden at baseline versus the overall study population manifested mainly as increased T2 hyperintense lesion volume; greater disability was not evident in these patients. This may be explained by the low numbers of patients of African descent (i.e., 4% of the overall CARE-MS study population), prior treatment exposure in most of these patients, or the selection for patients in a relatively early stage of disease imposed by inclusion criteria of the study.
In addition to a more aggressive disease course, patients of African descent may also have reduced responses to DMT. Treatment with SC IFNB-1a showed reduced efficacy in patients of African descent (n = 36) compared with white patients on relapse and MRI lesion outcomes in the EVIDENCE study [7] . Similar efficacy outcomes in 76 Afro-Caribbean patients treated with IFNB (either intramuscular IFNB-1a, SC IFNB-1a, or IFNB-1b) were reported in an uncontrolled observational study [34] , and a retrospective chart review comparing 66 patients of African descent with white patients showed greater EDSS worsening on DMT (mainly IFNB or glatiramer acetate) in the African descent group [8] . Newer DMTs may hold more promise for efficacy in these patients. A real-world retrospective study showed similar responses to treatment with dimethyl fumarate when comparing patients of African descent with white patients [35] . Natalizumab treatment showed improvements in relapse rates, Gd-enhancing lesions, and T2 hyperintense lesions in patients of African descent over 2 years compared with placebo [36] . However, no active comparator data or long-term data describing natalizumab use in the African descent population are available.
Given the lower efficacy of some DMTs in patients of African descent and a lack of data on newer drugs, our findings on alemtuzumab effectiveness over 8 years in these patients are relevant to practitioners and patients despite the small sample size. Alemtuzumab treatment in patients of African descent improved clinical and MRI outcomes over 2 years compared with SC IFNB-1a, and outcomes over 6 and 8 years in this subgroup were generally comparable with those observed in the overall CARE-MS study population [11, 12, 14, 15] (Coles et al. in preparation) . Proportions of patients with 6-month CDI at year 8 are higher in the African descent subgroup than the overall CARE-MS populations (CARE-MS I: 41%; CARE-MS II: 47%; African descent: 57%) [14, 15] . This increase appears to be driven by CDI events rather than selective dropout of patients with poorer outcomes. Proportions of patients free of 6-month CDW were lower in the African descent subgroup than overall CARE-MS patients at year 8 (CARE-MS I: 71%; CARE-MS II: 64%; African descent: 55%) [14, 15] and were driven by CDW events. However, for both of these outcomes, the low numbers of patients ''at risk'' in the analysis in later years led to more variability in KM estimates, as reflected by their large CIs. Similarly, BVL data may have been affected by low patient numbers in the African descent subgroup, evidenced by the apparent uptick in brain volume at years 7 and 8. Alternatively, a higher degree of inflammation in patients of African descent may have contributed to an increase in BVL in later years.
Alemtuzumab has previously shown efficacy in other underrepresented patient populations. Treatment with alemtuzumab improved relapse rates, disability outcomes, and freedom from MRI lesions in a cohort of Korean patients with RRMS over 1.5 years [37] .
Alemtuzumab depletes circulating T and B lymphocytes, leading to a distinct pattern of immune cell repopulation [38, 39] . A relative increase in immunoregulatory T cells and decrease in proinflammatory cytokines during and after repopulation may underlie prolonged clinical efficacy in the absence of regular dosing [40, 41] . Relative increases in immunoregulatory B and natural killer cells may also contribute to alemtuzumab's effect [42] [43] [44] .
The safety profile in alemtuzumab-treated patients of African descent was similar to that of the overall CARE-MS population [9-12, 14, 15] (Coles et al. in preparation), and no new safety signals were evident in this subgroup of patients. Incidences of infections or malignancies were not increased compared with the overall CARE-MS population. The frequency of thyroid AEs peaked in year 3 post alemtuzumab, as expected, and they occurred at annual incidences similar to those observed in the overall cohort. ITP and nephropathy autoimmune AEs occurred in few patients, consistent with the overall study population, and risk did not appear to increase with time. AEs associated with alemtuzumab treatment in clinical trials and post-marketing experience include IARs, increased frequency of infection and the potential for opportunistic infections, secondary autoimmunity (thyroid disorders, ITP, nephropathies, autoimmune cytopenias, autoimmune hepatitis, and other less common autoimmune events), acute acalculous cholecystitis, and cardiovascular and pulmonary events possibly related to infusion. Awareness of these rare but serious risks by clinicians is important for prompt recognition and optimal management of patients treated with alemtuzumab [16, 17] .
The small sample size of patients is the primary limitation of our analyses. This factor hinders the interpretability of AE incidence data in this population, especially for known lowfrequency AEs, and may have also impacted efficacy data, particularly in the later years. Additionally, a comparator arm was not available during the extension studies.
CONCLUSION
We conclude that alemtuzumab improves efficacy outcomes over 2 years in CARE-MS patients of African descent compared with SC IFNB-1a, and efficacy was maintained over 6 and 8 years in a smaller subset of these patients. There were no safety concerns with alemtuzumab unique to patients of African descent from the CARE-MS studies. Findings were promising; however, further confirmation in a larger study or a real-world setting is needed to characterize the efficacy and safety of alemtuzumab in this understudied patient population.
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